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Abstract: The study aims to examine tree species richness, and composition and diversity 
of riparian forests across forest and agro-ecosystem landscapes observed along the river 
Cauvery of southern India. Riparian forest  was sampled in a belt transect of size 100 × 50 m, at 
each  of the 80 sampling plots scattered over a 318 km length along the river Cauvery. Total of 
177 tree species belonging to 52 families, representing 2930 individuals, were recorded. 
Differences occurred between the forest and agro ecosystem landscape in terms of species 
richness, family richness and number of individuals observed, with a decrease in agro-ecosystem 
compared to forest landscape. Species similarity was low between the forest and agro-ecosystem 
landscapes. The Shannon-Wiener diversity index was higher for forest landscape (5.6) with 
more evenness in distribution. In the forest landscape, high importance value indices (IVI) were 
obtained for Terminalia arjuna, Pongamia pinnata, Hopea parviflora. In the agro-ecosystem, 
species Pongamia pinnata, Ficus benghalensis, Salix tetraspermae exhibited high IVI. 
Expansion of agricultural activities and other biotic pressures might have led to the variation in 
species composition between the forest and agro-ecosystem. Also, it has led to the decline in 
ripicole and evergreen species such as Hydnocarpus pentandra, Elaeocarpus tuberculatus, 
Madhuca neriifolia, Palaquium ellipticum, Myristica dactyloides, etc., consequently affecting 
the associated biodiversity of the river in the agro-ecosystem. Country needs to enact a 
permanent policy to protect and conserve riparian buffers to avoid further degradation and loss 
of biodiversity in the unregulated areas along the river. 
Key words: Anthropogenic disturbance, biodiversity, diversity and similarity, riparian 
buffer, ripicole. 
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Introduction 
Riparian forests have received much attention 
in the recent years and attracted international 
concern (Scott et al. 2009), due to their role in 
providing many ecosystem services such as preven-
ting soil erosion, minimizing floods, enhancing 
wildlife corridor, habitat for endemic species, etc. 
The riparian forest has been recognized as “key-
stone ecosystem”, because it harbours certain 
unique habitats which are highly influenced by 
water (Goebel et al. 2003). Wildlife biologists recog-
nize the riparian as a critically and functionally 
dominant component of a terrestrial landscape 
(Tabacchi et al. 1998). 
Riparian landscapes across the world generally 
promote mechanized agriculture and animal 
husbandry (Burkhart et al.  1994;  Dudgeon  2000).  
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Fig. 1.  Study area map. 
The use of riparian zones for farming is a predo-
minant activity along the banks of rivers that 
affects the riparian ecology and ecosystem services 
and interferes with the ecological functions of 
wetlands (Gopal et al. 2002). Disturbances caused 
by intense usage of riparian zone for agriculture 
activities have caused much spatial variation in 
the reported values of native species richness, 
composition and productivity (Aguiar & Ferreira 
2005; An et al. 2002; Corbacho et al. 2003; Gopal et 
al. 2002; Smakhtin & Anputhas 2006). Besides 
affecting the community structure, these distur-
bances also lead to biodiversity loss (Sultana et al. 
2014), polluting the streams (Bere & Mangadze 
2014; Schultz et al. 2004) and could substantially 
affect the hydrological cycle which in turn impacts 
the human livelihood activities in the downstream 
by accelerating floods in the event of heavy rainfall 
and decreased water availability during summer 
(Barthelemy et al. 2015; Fualing et al. 2009; USAID 
2008).  
River Cauvery, the eighth largest river in 
tropical Asia, faces growing population pressures 
in its basin having the highest population density 
in the world of 350 people km-2 (Smakhtin et al. 
2007). Consequently, it is experiencing serious 
anthropogenic pressures from agricultural expansion 
(Sunil et al. 2010), increased commercial plan-
tations, mining, tourism, etc., that pose severe 
threat to the vast riparian ecosystem in the region 
(Cincotta & Engelman 2000; Smakhtin & 
Anputhas 2006). People from peripheral villages 
graze their cattle along the river bank of riparian 
zones due to shortage of land designated for 
grazing. In addition, the riparian ecosystem in 
Cauvery has become an integral part of cultural 
activities with many historic places for worship 
evident along the side of river bank. The riparian 
vegetation corridor in the Cauvery river plays a 
pivotal role in determining faunal communities 
such as Asian elephants (Elephas maximus), otter 
species (Amblonyx cinereus) (near threatened 
species), Lutra perspicillata (vulnerable, 2004 
IUCN Red List) Nilgiri languar (Trachypithecus 
johnii), Small Indian civet, Ratufa macroura (Near 
Threatened, IUCN Red List), (Baskaran et al. 
2011; Shenoy et al. 2006), fish species such as 
Barbodes wynaadensis, Labio kontius, Silonia 
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childreni (White cat fish), Tor putitora (Mahseer) 
(Arunachalam 2004; Jayaram 2000; Lakra et al. 
2010; Smakhtin et al. 2007) and invertebrates 
(Jayaram 2000; Sivaramakrishnan et al. 1995). 
Realizing its importance, several developed 
countries worldwide have documented the vege-
tation dynamics and moved forward to restore 
their fragmented riparian landscapes by formu-
lating relevant policies and legislation (Hansen et 
al. 2010; Moyle et al. 1996; NRC 2002). Studies on 
riparian vegetation in India are still in infancy, 
probably due to lack of awareness and also to 
complexities associated with riparian ecosystem. 
The Government of India, now, is contemplating to 
introduce “River Regulation Zone” to safeguard 
riparian habitat and to ensure that river beds 
remained safe from large-scale encroachment and 
developmental activities (Cullet et al. 2012; Gopal 
et al. 2002). Floristic patterns in the lower stretch 
of Cauvery River have been documented (Jayaram 
2000). The tree species distribution, and structure 
and diversity of vegetation of riparian ecosystem 
are not well understood. Expansion of agricultural 
lands along the river banks has led to encroach-
ment of riparian forests along the river Cauvery in 
Karnataka (Shenoy 2003). Increasing rate of 
population growth and agricultural practices are 
the major threats to the vast native forests in the 
river basin leading to its disappearance in the 
coming decades (Cincotta & Engelman 2000).  
Therefore, a comprehensive study of vegetation 
structure in the riparian landscapes was under-
taken to evaluate patterns of species richness, 
species similarity, species diversity and dominance 
across different land use patterns viz. forest and 
agro-ecosystem landscapes along a 318 km stretch 
of river Cauvery in Karnataka.  
Materials and methods 
Study area 
The study area (Fig. 1) lies along 318 km 
stretch of the Cauvery river in Karnataka. The 
study area covers five districts namely Chamaraja-
nagar (77° 44' 83.0'' E, 12° 25' 81.8'' N), Mysore 
(76° 52' 21.2'' E, 12° 16' 41.7'' N), Mandya (76° 39' 
18.1'' E, 12° 25' 26.6'' N), Hassan (76° 08' 23.5'' E, 
12° 35' 03.7''N) and Kodagu (Coorg)(75° 30' 09.5'' 
E, 12° 22' 72.4'' N). Its total drainage area 
accounts for nearly 2.5 % of the total geographical 
area of India (Arni & Henry 2009). Cauvery is one 
of the important interstate rivers of peninsular 
India acting as life-blood for two states namely, 
Karnataka and Tamil Nadu. Approximately 35 
million people are dependent on this river 
(Hoekstra et al. 2012) and its water is used for 
irrigation, household consumption, industries and 
generation of electricity (Varunprasath & Daniel 
2010). In the upstream region of Kodagu district, 
the river flows for ~102 km through forests, 
plantations, agricultural land and villages. Coffee 
plantations (dating back to 18th century), silver 
oak, rubber, cardamom, rice and areca nut are the 
major agricultural activities observed along the 
riparian zone (Sunil et al. 2012). In the middle 
reaches of Mandya and Mysore, rice and sugarcane 
cultivation is done on a large scale (Sunil et al. 
2010). The study area is dominated by red and 
black soil. 
The Cauvery river basin areas have a large 
floristic wealth and constitute a separate phyto-
geographic unit (Jayaram 2000). Four major forest 
types are found along the river viz. evergreen, 
semi evergreen and moist deciduous forests in 
Kodagu belt of Western Ghats; southern thorn 
scrub forest found in the middle reaches of river 
and southern tropical dry deciduous forest type 
occurring in Mysore and Mandya districts and 
southern moist deciduous forests found in the 
areas receiving less than 200 cm of rainfall 
(Champion & Seth 1968). The forest and agro-
ecosystem are the two distinct landscapes along 
the river. The forest landscape (~50 km) occurs at 
two locations along the study area, one at river 
origin i.e. Kaveriammana sacred grove, covered 
under Karnataka Forest Rules, 1969 and the other 
at downstream portion of the river i.e. Cauvery 
Wildlife Sanctuary protected with a legal status 
under Indian Wildlife Protection Act 1972. The 
agro-ecosystem landscape is found in the middle 
stretch of river Cauvery, extending from Kollegala 
at Chamarajanagar District to Cherangala at 
Kodagu District covering ~268 km along the study 
area. 
Sampling design 
The plots were laid at every 8 km distance on 
both sides of the river bank. Total of 80 plots were 
sampled,15 from the forest landscape (area covered 
under Wildlife Protection Act 1972 and Karnataka 
Forest Rules, 1969) and 65 from agro-ecosystem 
(area used for plantations, crop cultivation and 
other farming activities). At each plot, a belt 
transect of 100 × 50 m was laid and  subjected to 
floristic assessment using a quadrat of 20 m × 20 
m (4 at each corner of a transect and 1 in the 
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centre). The total area sampled amounts to 1.25 %.  
Total number of individuals (> 30 cm in girth at 
breast height or GBH) was recorded in each 
sampling plot. Tree species were identified using 
different floras (Gamble 1967; Keshavamurthy & 
Yoganarasimha 1990; Saldanha 1976) and cross-
checked with the herbarium centre, at the Botanical 
Garden of Gandhi Krishi Vignyan Kendra (GKVK), 
University of Agriculture Science, Bangalore. 
Data analysis 
For vegetation analysis density, abundance, 
frequency, species richness and basal area per 
hectare were estimated to measure the structure 
and heterogeneity of the riparian vegetation.  The 
relative frequency, relative density, relative 
dominance (relative basal area), and importance 
value index (IVI) (Curtis & McIntosh 1951) were 
derived for each of the two landscapes.  
Species Richness: A measure of the number of 
species present for a given number of individuals 
is calculated by using Marglef’s Index (Margalef 
1958).  
 
 (S = Total number of species, N = Total 
number of individuals) 
Shannon - Wiener Index (H′) was used to 
calculate the species diversity (Shannon & Weaver 
1949). 
Diversity Index   
where, pi = ni /N (ni = number of individuals of 
a species, N = total number of individuals of all the 
species). 
Basal area was calculated as  
 
where, C = gbh 
To measure dominance, Simpson Index derived 
from probability theory is used (Simpson 1949). It 
gives relatively less weightage to rare species and 
more weightage to common species. 
 
Equitability Index (Pielou 1969) is calculated 
as:  
                                          
    
 
where, H′ is the Shannon-Wiener’s Index  
Rank abundance curves (Whittaker 1965), 
species rarefaction curve (Colwell et al. 2004), and 
species similarity (Bray-Curtis cluster analysis - 
single link) were performed using Biodiversity Pro 
software (McAleece 1996). The value of Bray-
Curtis similarity index varies between 0 and 100 %, 
where 100 means the two sites have the same 
composition (that is they share all the species), 
and 0 means the two sites do not share any species 
(Hugh & Gauch 1973).    
A two-tailed t test (XL stat software) was used 
to compare Shannon Wiener diversity Index and 
Simpson Dominance Index in the categorized 
landscapes. Whisker plots were calculated to 
compare the mean values for species richness, 
family richness and number of individuals between 
forest and agro-ecosystem landscapes.  
Species area curve was prepared by plotting a 
graph between the number of quadrats sampled on 
the X axis versus cumulative number of species 
sampled on the Y axis. It determines whether the 
community is sufficiently sampled. A species based 
rarefaction curve was prepared to compare the 
species variation between the two categorized 
landscapes and provides a measure of species 
diversity which is robust to sample size effects, 
permitting comparison between communities. 
Steeper curves indicate more diversity. 
Results 
Vegetation characteristics 
A total of 177 tree species was recorded from 
the riparian forest along the river Cauvery. Fifty 
two species (29.38 % of total number of species) 
were common to both the landscapes. 54 (30.51 %) 
species including T. arjuna, Mitragyna parviflora, 
Garcinia xanthochymus, Myristica dactyloides, 
Olea dioca, Palaquium ellipticum, Pinanga dick-
sonii, etc.) and 71 (40.1 %) species including Salix 
tetraspermae, Coffea arabica, Grevillea robusta, 
Cocus nucifera, etc., were exclusive to forest and 
agro-ecosystem landscapes, respectively (complete 
data set is available from the authors on request). 
The Margalef’s Index of species richness recorded 
for the forest (23.53) was higher than that for the 
agro-ecosystem (15.9) (Table 1). The basal area of 
riparian forest observed in the study area (19.17 
m2 ha-1) was greater compared to the agro-
ecosystem (6.50 m2 ha-1). Tree density in the forest 
was higher (118.6 trees ha-1) than that of the agro-
ecosystem landscape. Species richness, family 
richness and number of individuals were higher in 
forest landscape  than  in  agro-ecosystem  (Fig.  2).  
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Fig. 2. Whisker plots for (A) Species richness, (B) Family richness and (C) Number of individuals across forest 
and agro-ecosystem landscapes. (Horizontal line through each box depicts the median, the + mark depicts 
mean, dot above represents the maximum and  below represents minimum). 
Table 1.  Vegetation characteristics in the forest and 
agro-ecosystem. 
Vegetation characteristics Forest 
Agro- 
ecosystem 
Species richness (Margalef’s 
index) 
23.53 15.9 
Number of families 36 46 
Density (trees ha-1) 118.6 70.98 
Basal area (m2  ha-1) 19.17 6.50 
The rarefaction curve showed less tree density in 
forest than the agro-ecosystem. However, 
rarefaction curve for the forest remained steeper 
than the agro-ecosystem, suggesting that the 
vegetation was more diverse (Fig. 3).  
Species abundance 
The rank abundance curve for the forest (Fig. 
4a) showed that Pongamia pinnata (90) was the 
dominant species followed by Terminalia arjuna 
(58), Tamarindus indica (50) and Hopea parviflora 
(45). The first 13 ranked species included 488 
individuals contributing to 53.80 % of the stand. 
The rank abundance curve for agro-ecosystem (Fig. 
4b) indicated that Pongamia pinnata (297) was 
dominant followed by Salix tetraspermae (146), 
Coffea arabica (109) and Mangifera indica (94). P. 
pinnata, S. tetraspermae and C. arabica consti-
tuted 27 % of the stand occupying the topmost 
position in the agro-ecosystem.  
Diversity and similarity:  The species diversity 
in forest and agro-ecosystem landscapes were 5.6 
and 5.2, respectively (Table 2). The t- test revealed 
a  significant   difference   between   the  two   land- 
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Fig. 3.  Species rarefaction plot for the forest and 
agro ecosystem landscape. 
 
 
Fig. 4.  Rank abundance plot for the species observed 
in (A) forest landscape and (B) agro-ecosystem 
landscape. (Ta - Terminalia arjuna, Ti - Tamarindus 
indica, Hp - Hopea parviflora); (Pp - Pongamia 
pinnata, St - Salix tetraspermae, Ca - Coffea arabica, 
Mi – Mangifera indica). 
scapes. The Simpson Index indicates the presence 
of diverse tree species in the two landscapes with 
few dominant species. The equitability index 
indicated a more even distribution of species in the 
forest than the agro-ecosystem. However, the t-test 
revealed an insignificant relationship between the 
two landscapes at 0.05 % level for Simpson and 
Equitability indices. The similarity index for the 
riparian vegetation between the forest and agro-
ecosystem is around 23.1 % (Fig. 5). The species 
area curve for the pooled data from all the 80 
sampling sites revealed that further increase in 
transect size is needed for the sites  located in the 
periphery area (Fig. 6).  
According to the IVI values, of the total 106 
species in forest landscape, T. arjuna P. pinnata, 
Tamarindus indica, H. parviflora exhibited values 
44.1, 18.1, 16.8 and 16.5, respectively, contributing 
32 % of the stand (Table 3). Whereas, in agro-
ecosystem P. pinnata (30.9), F. benghalensis (19.5), 
S. tetraspermae (19.1) scored maximum IVI (Table 
3).  
Discussion 
The species density in the forest (14.1 species 
ha-1) and agro-ecosystem (4.35 species ha-1) along 
the Cauvery river is relatively lower than the 
reported values for  Nelliampathy region along the 
Chalakkudy river (30 species ha-1) in Kerala 
(Amitha Bachan 2003). Though the local climatic 
factors between the two areas vary, anthropogenic 
activities have negatively affected the species 
density of the riparian forest of the Cauvery. 
However, minimal disturbance in the forest has 
favoured high species density in the forest 
compared to the agro-ecosystem because they are 
protected legally and traditionally by the protected 
area status and sacred grove category (Sunil et al. 
2012). The tree basal area of the agro-ecosystem 
landscape with monospecific plantations is 
characterized by low representation of trees in 
higher girth classes. The appearance of big trees 
such as T. arjuna, Dimocarpus longan, Elaeo-
carpus tuberculatus, etc., added to the basal area 
of the forest. Chalakkudy river in Kerala state 
recorded 18.22 m2 0.01 ha-1 (> 30 cm GBH) of basal 
area which is an indication that the basal area in 
the present study area is relatively low. Tree 
density of forest is higher (118.6 trees ha-1) 
compared to 70.98 trees ha-1 recorded in the agro- 
ecosystem. However, the tree density observed in 
the present study is low, compared to 11.9 trees 
0.01 ha-1 reported  along  the  Chalakkudy  river  in  
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Forest landscape (overall 15 plots) Mean (n = 15) 5.6  
2.1 ± 0.4 
0.96  
0.82 ± 0.07 
0.83 
0.66 + 0.08 
Agr- ecosystem (overall 65 plots) Mean (n = 65)  5.2 
1.7 ± 0.5 
0.95 
0.74 ± 0.15 
0.75 
0.73 ± 0.16 
Difference 0.384 0.08 -0.073 
t (Observed value) 2.576 1.943 -1.667 
|t| (Critical value) 1.994 1.994 1.994 
DF 70 70 70 
p-value (Two-tailed) 0.012 0.056 0.100 
alpha 0.05 0.05 0.05 
 
the neighboring state of Vazhachal (Amitha 
Bachan 2003). 
 
Fig. 5. Bray-Curtis Cluster Analysis (single link) for 
tree species similarity in forest and agro-ecosystem 
landscape. 
 
Fig. 6.  Species area curve in the riparian forest. 
P. pinnata, a deciduous tree is more dominant 
in the riparian forest than other riparian species 
such as T. arjuna, Syzygium cumini, E. 
tubercualatus, H. parviflora, etc. It is a pioneer 
species which often initiates a secondary 
succession in the riparian forest replacing the 
dominant native riparian species. With the 
availability of water,  nutrients and successful 
hydrochory, the former species has rapidly invaded 
the riparian zones. In addition to natural events, 
livestock grazing also creates a suitable niche for 
P. pinnata to become dominant because it is less 
palatable to livestock  (Daniel & Hegde 2007). The 
forest in the upper stretch of the river exhibited 
greater abundance of H. parvilfora, a native and 
endemic species, followed by D. longan. In the 
agro-ecosystem, plantation species such as C. 
arabica, Salix tetraspermae, etc. indicated the 
extent of utilization of the riparian zone for 
commercial agriculture. Species such as Litsea 
floribunda, Terminalia bellerica, Syzygium sp. and 
Artocarpus integrifloia recorded in agro-ecosystem 
landscape act as  refugee to native biodiversity and 
are sparsely distributed. The rarefaction plot curve 
revealed a decreased tree density in forest 
probably because fewer individuals were sampled 
due to the low intensity of forest in the study area. 
However, the rarefaction curve for the forest was 
steeper than that for the agro-ecosystem, indi-
cating that the vegetation was more diverse.  
Species similarity between the forest and agro-
ecosystem was low. The riparian vegetation in 
agro-ecosystem is found altered with small patches 
of single row tree cover (over < 10 m width) leading 
to severe loss of original habitat as observed by 
Zhu et al. (2004). Species such as T. arjuna, Mitra-
gyna parviflora, Garcinia xanthochymus, Myristica 
dactyloides,   Olea   dioca,   Palaquium    ellipticum  
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Table 3.  List of dominant species found in the riparian zone in forest and agroecosystem landscape, together 
with their density, basal area and IVI. 
Forest ecosystem Agro-ecosystem 
Species name Density 
Basal 
area 




Terminalia arjuna Roxb. 3.8 
 
49.1 44.1 Pongamia pinnata (L.) 
Pierre 
5.2 19.4 30.9 
Pongamia pinnata (L.) 
Pierre 
6 7.14 18.4 
Ficus benghalensis  L. 
1.2 24.2 19.5 
Tamarindus indica L. 3.3 11.7 16.8 Salix tetraspermae Roxb. 2.5 13.3 19.1 
Hopea parviflora Bedd. 3 14.6 16.5 Ficus religiosa L. 0.6 22.3 17.1 
Elaeocarpus tuberculatus 
Roxb. 
2.4 6.3 11.6 
Ficus glomerata Roxb. 
1.1 9.3 12.2 
Mangifera indica  L. 2.4 8.9 10.7 Tamarindus indica L. 0.3 13.6 10.4 
Dimocarpus longan Lour. 2.5 0.02 8.6 Mangifera indica  L. 1.6 5.8 10.4 
Syzygium cumini (L.) Skeels 1.3 3.9 7.1 Eucalyptus torticornis 
Sm. 
1 5.6 7.2 
Diospyros malabarica Gaub. 2.4 1.07 5.6 Pithecellobium dulce 
Mart. 
1.5 2.1 6.7 
Madhuca latifolia Roxb. 1 3.6 5.5 Coffea arabica Lam. 1.9 0.8 6.6 
Other species - 96 Nos.  31.6 37.1 155.2 Other species - 113 Nos.  18 68.9 159.4 
 
dominating in the forest were not observed in the 
agro-ecosystem.  In addition, ripicole species such 
as P. ellipticum, Syzygium mundagum, M. 
dactyloides and Pinanga dicksonii were not 
encountered in the agro-ecosystem. Besides 
grazing and sand mining, encroachments for 
agricultural activities along the riparian corridor 
have lead to a decline in these ripicole and 
evergreen species. 
Both the forest and agro-ecosystem of the 
riparian zones had a good species diversity which 
corresponds to values reported for evergreen 
forests of south India (Ganesh 1996). The species 
diversity in the agro-ecosystem tends to decrease 
due to anthropogenic activities such as grazing, 
agricultural practices, and sand mining, similar to 
results of studies conducted elsewhere (Michael et 
al. 2009; Sagar et al. 2003).  
Higher IVI of T. arjuna (44.1), a marshy 
habitat tree indicates its relative richness in forest 
landscape followed by P. pinnata (18.4), T. indica 
(16.8), H. parviflora (16.5) and E. tuberculatus 
(11.6). The dominance of P. pinnata is not a good 
sign of a naturally balanced riparian forest because 
it performs very few ecological functions than 
native riparian species and may increase in num-
ber and expand into new areas of the riparian 
zone. Riparian landscapes are susceptible to such 
species due to the frequency of natural distur-
bances which allow invasive species to propagate 
and establish along with the mobility provided by 
flowing water and the connectivity provided by 
riparian corridors (Verry et al. 2000).  
Of the 123 species observed in the agro-
ecosystem landscape, P. pinnata is the lone species 
with IVI > 20 indicating its dominance in terms of 
density and frequency in the riparian zone. Species 
endemic to the riparian zone such S. cumini, S. 
jambose, T. arjuna, Madhuca neriifolia, Syzygium 
sp., Hydnocarpus pentandra, E. tuberculatus, M. 
neriifolia, P. ellipticum and M. dactyloides  
exhibited an IVI of less than 5 showing their  
fragile nature in the agro-ecosystem landscape. 
Species such as S. cumini, M. neriifolia, Vateria 
indica and H. pentandra considered as true 
riparian (Amitha Bachan 2003) are sparsely 
distributed along the riparian zone of the present 
study area. These species are crucial for the 
riparian zone and their absence resulting from 
fragmentation could affect the composition, 
richness and structure of native species in the 
riparian corridor (Ramakrishnan et al. 2000), 
which may decline over a period of time (Tabarelli 
et al. 1999) and threaten the associated bio-
diversity (Nyelele et al. 2014). 
Over-utilization of riparian zones for 
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agricultural activities including coffee plantation 
and paddy rice cultivation have led to a decline in 
ripicole and evergreen species such as H. 
pentandra, E. tuberculatus, M. neriifolia, P. 
ellipticum, M. dactyloides. Sand mining observed 
in the study area might also pose a threat to the 
existence of these native species, as it obstructs 
the flow of surface water, which is an essential 
requirement to retain soil moisture for their 
germination and establishment (Pamela et al. 
2008). Several studies have demonstrated that a 
decline in native riparian species negatively affects 
the richness and diversity of avian species in the 
study area (Arizmendi et al. 2008; Edward et al. 
2008; Hinojosa-Huerta 2006; Villasenor-Gomez 
2006). 
Importance of riparian buffer for river 
Cauvery 
Of the total 318 km surveyed in the present 
study area, only 15.7 % of the riparian vegetation 
lies in protected areas. The riparian vegetation 
here exhibits remarkable habitat heterogeneity by 
supporting endangered fish species such as Bar-
bodes wynaadensis, Labio kontius, Silonia child-
reni (White cat fish), and Tor putitora (Mahseer) 
(Lakra et al. 2010; Smakhtin et al. 2007); otter 
species (Amblonyx cinereus) (near threatened), 
smooth-coated otter (Lutra perspicillata) catego-
rized as ‘vulnerable’ by 2004 IUCN Red List 
(Shenoy et al. 2006); endangered Nilgiri languar 
(Trachypithecus johnii) (Sunderraj & Johnsingh 
2001); Indian civet (Viverricula indica), Lion-tailed 
Macaque (Macaca silenus), etc. The forest land-
scape here acts as corridor for wildlife, specially 
the Asian elephants (Elephas maximus), as it is 
contiguous with large protected areas such as 
Nagarahole National Park, Talacauvery, Brahma-
giri and Pushpagiri Wildlife Sanctuaries. In the 
lower stretch, riparian vegetation in the Cauvery 
Wildlife Sanctuary (CWS) assumes high signi-
ficance for existing wildlife and rich biodiversity in 
these areas harbouring otters, crocodiles, grizzled 
giant squirrel (Ratufa macroura) and many varie-
ties of fishes along with the famous Masheer. The 
CWS also contains the best habitat and popu-
lations for the elephants, as the study area 
provides connectivity to Biligiri Rangana hills 
Temple (BRT) Sanctuary and Mudumalai Tiger 
Reserve, which is in conjunction with Mysore 
Nilgiri corridor (largest population of Asian 
elephants found here) (Sukumar 1989).  
Increase in population pressures and massive 
agricultural activities from the last few decades 
has put additional pressures on the river 
ecosystem which resulted in deteriorated water 
quality and soil loss in the study area (Kothyari 
1996; Krishna Jayashankar 2012). Less than 10 m 
width of riparian vegetation is observed in agro-
ecosystem landscape (84.3 % of the study area), 
which is far less than the minimum requirement of 
30 m width (Bellows 2003) to maintain water 
quality and stability of the river bank besides 
trapping and redistributing sediments. Being a 
interstate river, increase in water scarcity during 
summer (Hoekstra et al. 2012) raises the problem 
of water allocation between the  two major staking 
states of the southern part of India (Vanham et al. 
2011) to most complex and contentious conditions, 
sometimes turned to violence and  substantial loss 
of property (Babu et al. 2005; Ferdin et al. 2010). 
Hence, to avoid future disputes over water and to 
meet the growing demand in the region; 
conservation and restoration of riparian vegetation 
in the agricultural landscape is utmost important 
in this region. 
Conclusions 
The study confirms considerable variations in 
the two categorized landscapes of riparian stretch 
viz., forest and agro-ecosystem landscape in terms 
of species composition, tree density, basal area and 
species richness. Species similarity was low due to 
the shrinkage of endemic species in the agro-
ecosystem landscape. Appearance of plantation 
species with top IVIs, confirmed a large extent of 
agricultural encroachment in the riparian land-
scape. Besides agricultural activities along the 
riparian landscapes, uncontrolled tourism activi-
ties are also exerting immense pressure on the 
riparian forests, leading to the decline in typical 
riparian species, consequently affecting the allied 
biodiversity of the river. 
Acknowledgments 
We thank University Grants Commission 
(UGC), New Delhi for financial assistance and 
Karnataka, Forest Department Officers for provi-
ding support for field sampling. We thank the 
Faculty of Department of Forestry and Environ-
mental Science, Gandhi Krishi Vigyan Kendra 
(GKVK), Bangalore, for allowing to refer the 
herbarium specimens at Botanical Garden and to 
Mr. Harish and Mr. Ranganath for facilitating the 
field works.  
352 DIVERSITY & COMPOSITION OF RIPARIAN VEGETATION 
References 
Aguiar, F. C. & M. T. Ferreira. 2005. Human disturbed 
landscapes: effects on composition and integrity of 
riparian woody vegetation in the Tagus River basin, 
Portugal. Environmental Conservation 32: 30-41. 
Amitha Bachan, K. H. 2003. Riparian Vegetation along 
the Middle and Lower Zones of the Chalakkudy 
River, Kerala, India. Limnological Association of 
Kerala, Iringalakkuda. 
An, S., X. Cheng, S. Sun, Y. Wang & J. Li. 2002. 
Composition change and vegetation degradation of 
riparian forests in the altai plain, NW China. Plant 
Ecology 164: 75-84. 
Arizmendi, M. C., P. Davila, A. Estrada & E. Figueroa. 
2008. Riparian mesquite bushes are important for 
bird conservation in tropical arid Mexico. Journal of 
Arid Environments 72: 1146-1163.  
Arni, C. & O. Henry. 2009. Cauvery basin: its culture, 
places of historical significance, birth place, climate, 
precipitation, catchment, tributaries, state-wise 
spread, landuse. Article posted in India Water 
Portal. www.indiawaterportal.org/articles/cauvery-
basin-its-culture-places-historical-significance-birth-
place-climate-precipitation (accessed as 26 May, 
2014) 
Arunachalam, M. 2004. Germplasm Inventory, Eva-
luation and Gene Banking of Freshwater Fishes. 
National Agricultural Technology Project. Govern-
ment of India. Project Report. 
Babu, K., K. Prakash, S. Pattanayak, E. Puttaiah & R. 
Somashekar. 2005. Possible enhanced conflict situ-
ations on account of climate change on account of 
water sharing: A case study of three states of India. 
Paper presented at the International Workshop 
“Human Security and Climate Change” in Asker, 
June 21-23. 
Barthelemy, Y., S. Patrice, Y. Salifou, M. R. Jeanne & H. 
Victor. 2015. Floristic diversity of Piliostigma 
asssociations in relation to latitudinal gradient, soil 
and climate variables in Burkina Faso, West Africa. 
Tropical Ecology 56: 57-76.  
Baskaran, N., K. Senthilkumar & M. Saravanan. 2011. 
A new site record of the Grizzled Giant Squirrel 
Ratufa macroura (Pennant, 1769) in the Hosur 
forest division, Eastern Ghats, India and its conser-
vation significance. Journal of Threatened Taxa 3: 
1837-1841. 
Bellows, B. C. 2003. Protecting Riparian Areas: Farm-
land Management Strategies. Soil Systems Guide.  
Appropritate Transfer Technology for Rural Areas. 
National Center for Appropriate Technology. 
California. 
Bere, T. & T. Mangadze. 2014. Diatom communities in 
streams draining urban areas: community structure 
in relation to environmental variables. Tropical 
Ecology 55: 271-281. 
Burkhart, M. R., S. L. Oberle, M. J. Hewitt & J. Picklus. 
1994. A framework for regional agro-ecosystems 
characterization using the national resources 
inventory. Journal of Environmental Quality 23: 
866-874. 
Champion, H. G.  & S. K. Seth. 1968. A Revised Survey of 
the Forest Types of India. Manager of Publications, 
Government of India Press, Nashik, Maharashtra, 
India. 
Cincotta, R. P. & R. Engelman. 2000. Nature’s Place: 
Human Population and the Future of Biological 
Diversity. Washington: Population Action Inter-
national. 
Colwell, R. K., C. X. Mao & J. Chang. 2004. Interpolating, 
extrapolating, and comparing incidence-based species 
accumulation curves. Ecology 85: 2717-2727. 
Corbacho, C., J. M. Sanchez & E. Costillo. 2003. Patterns 
of structural complexity and human disturbance of 
riparian vegetation in agricultural landscapes of a 
Mediterranean area. Agriculture, Ecosystems and 
Environment 95: 495-507. 
Cullet, P., S. Paranjape, H. Thakkar, M. S. Vani, K. J. 
Joy & M. K. Ramesh. 2012. Water conflicts in India: 
towards a new legal and institutional framework, 
Pune. Forum for Policy Dialogue on Water Conflicts 
in India. 
Curtis, J. T. & R. P. McIntosh. 1951. An upland forest 
continuum in the prairie forest border region of 
Wisconsin. Ecology 32: 476-496. 
Daniel, J. N. & N. G. Hegde. 2007. Tree-borne oilseeds in 
agroforestry. pp. 263-276. In: D. M. Hegde (ed.) 
Proceedings of the National Seminar on Changing 
Global Vegetable Oils Scenario: Issues and 
Challenges before India. Indian Society of Oilseeds 
Research, Hyderabad, India. 
Dudgeon, D. 2000. The ecology of tropical Asian rivers 
and streams in relation to biodiversity conservation. 
Annual Review of Ecology and Systematics 31:    
239-263. 
Edward, P. G., K. Hucklebridge, O. Hinojosa-Huerta, L. 
N. Pamela & J. Pitt. 2008. Reconciling environ-
mental and flood control goals on an arid-zone river: 
case study of the limitrophe region of the lower 
colorado river in the United States and Mexico. 
Environmental Management 41: 322-335. 
Ferdin, M., S. Gorlitz & S. Schworer. 2010. Water stress 
in the cauvery basin, South India - How current 
water management approaches and allocation 
conflict constrain reform. Asien 117: 27-44. 
Fualing, D., S. Jon, J. S. Olafsson & A. L. Aradottir. 
2009. Riparian Ecosystem Management - A Case 
 SUNIL et al. 353 
Study of The Ellidaa and Ytri-Ranga Rivers in 
Iceland. Land Restoration Training Programme. 
Final Project 2009. Keldnaholt, 112 Reykjavík, 
Iceland 173. 
Gamble, J. S. 1967. Flora of the Presidency of Madras. 
Vol. 2. Botanical Survey of India, Calcutta. 
Ganesh, T. 1996. Fruiting Patterns among Canopy Trees 
and Fruit Use by Vertebrates in a Wet Evergreen 
Forest of Western Ghats, India. Ph.D. Thesis, 
Pondicherry University, Pondicherry, India. 
Goebel, P. C., B. J. Palik & K. S. Pregitzer. 2003. Plant 
diversity contributions of riparian areas in water-
sheds of the Northern Lake States, USA. Ecological 
Applications 13: 1595-1609. 
Gopal, B., U. Goel, M. Chauhan, R. Bansal & S. C. 
Khuman. 2002. Regulation of Human Activities 
along Rivers and Lakes. Background Document for 
the proposed notification on River Regulation Zone. 
Prepared for National River Conservation Direc-
torate, Ministry of Environment and Forest, 
Government of India. 
Hansen, B., P. Reich, P. S. Lake & T. Cavagnaro. 2010. 
Minimum Width Requirements for Riparian Zones 
to Protect Flowing Waters and to Conserve Bio-
diversity: a Review and Recommendations: With 
Application to the State of Victoria. Report to the 
Office of Water, Department of Sustainability and 
Environment. 
Hinojosa-Huerta, O. 2006. Birds, Water, and Salt Cedar: 
Strategies for Riparian Restoration in the Colorado 
River Delta. Dissertation, University of Arizona, 
Tucson. 
Hoekstra, A. Y., M. M. Mekonnen, A. K. Chapagain, R. 
E. Mathews & B. D. Richter. 2012. Global monthly 
water scarcity: Blue water footprints versus blue 
water availability. PLoS ONE 7: e32688. doi:10. 
1371/journal.pone.0032688. 
Hugh, G. & Jr. Gauch. 1973. The relationship between 
sample similarity and ecological distance. Ecology 
54: 618-622. 
Jayaram, K. C. 2000. Cauvery Riverine System: An 
Environmental Study. The Madras Science Foun-
dation. 
Keshavamurthy, K. R. & S. N. Yoganarasimhan. 1990. 
Flora of Coorg. Vimsat Publishers, New Delhi. 
Kothyari, U. C. 1996. Erosion and sedimentation prob-
lems in India. pp. 531 - 540. In: Erosion and 
Sediment Yield: Global and Regional Perspectives. 
Proceedings of the Exeter Symposium, July 1996. 
IAHS Publ. No. 236. 
Krishna Jayashankar, M. 2012. Physicochemical and 
bacteriological study of Kaveri river at Kudige, 
Kodagu district, Karnataka. International Journal 
of Environmental Sciences 2: 2040-2049. 
Lakra, W. S., U. K. Sarkar, A. Gopalakrishnan & A. K. 
Pandian. 2010 Threatened Fresh Water Fishes of 
India. Army Printing Press, Lucknow, India. 
Margalef, R. 1958. Information theory in ecology. Gen. 
Systems 3: 36-71. 
McAleece, N., P. J. D. Lambshead & G. L. J. Paterson. 
1996. Biodiversity Program for Analysing Ecological 
Data. Natural History Museum, London. 
Michael, L. S., L. N. Pamela, P. G. Edward, L. J. Cory, A. 
E. Joseph, Carlos Valdes, W. R. Elizabeth, B. Patrick, 
L. L. Donna & L. E. Gomez. 2009. Assessing the 
extent and diversity of riparian ecosystems in 
Sonora, Mexico: Toward refining conservation 
strategies. Biodiversity and Conservation 18: 247-269. 
Moyle, P., R. Kattelmann, R. Zomer & J. P. Randall. 
1996. Management of riparian areas in the Sierra 
Nevada. Sierra Nevada Ecosystem Project. Final 
Report to Congress. Vol. III. pp. 22-23. In: Assess-
ments and Scientific Basis for Management Options. 
Davis, University of California, Centers for Water 
and Wildland Resources. 
NRC (National Research Council). 2002. Riparian Areas: 
Functions and Strategies for Management. Committee 
on Riparian Zone Functioning and Strategies for 
Management.  National Academic Press. Washington 
D.C. 
Nyelele, C., A. Murwira, M. D. Shekede & P. H. Mugabe. 
2014. Woodland fragmentation explains tree species 
diversity in an agricultural landscape of southern 
Africa. Tropical Ecology 55: 365-374. 
Pamela, L. N., P. G. Edward, O. Hinojosa-Huerta, Z. 
Francisco & H. Keith. 2008. Riparian vegetation 
dynamics and evapotranspiration for the riparian 
corridor in the delta of the Colorado river, Mexico: 
Implications for conservation and management. 
Journal of Environmental Management 88: 864-874. 
Pielou, E. C. 1969. An Introduction to Mathematical 
Ecology. John Wiley and Sons, New York. 
Ramakrishnan, P. S., U. M. Chandrashekara, C. 
Elouard, M. Chaumette & H. De Pommery. 2000. 
Mountain Biodiversity, Landuse Dynamics, and 
Traditional Ecological Knowledge. Oxford and IBH 
Publishing Co. Pvt. Ltd., New Delhi. 
Sagar, R., A. S. Raghubanshi & J. S. Singh. 2003. Tree 
species composition, dispersion and diversity along a 
disturbance gradient in a dry tropical forest region of 
India. Forest Ecology and Management 186: 61-71. 
Saldanha, C. F. 1976. Flora of Hassan District. Amerind 
Publishing Corporation Private Limited. New Delhi. 
Schultz, R. C., T. M. Isenhart, W. W. Simpkins & J. P. 
Colletti.  2004. Riparian forest buffers in agro-eco-
systems - lessons learned from the Bear Creek 
Watershed, central Iowa, USA. Agroforestry Systems 
61: 35-50. 
354 DIVERSITY & COMPOSITION OF RIPARIAN VEGETATION 
Scott, M. L., P. L. Nagler, E. P. Glenn, C. Valdes-Casillas, 
J. A. Erker, E. W. Reynolds, P. B. Shafroth, E. 
Euduardo Gomez-Limon & C. L. Jones. 2009. Asses-
sing the extent and diversity of riparian ecosystems 
in Sonora, Mexico. Biodiversity Conservation 18:  
247-269. 
Shannon, C. E. & W. Weaver 1949. The Mathematical 
Theory of Communication. University of Illinois 
Press, Urbana, Illinois. 
Shenoy, K. 2003. ‘Against the Current’: Otters in the 
River Cauvery, Karnataka. Wildlife Trust of India, 
New Delhi. 
Shenoy, K., V. Surendra & K. V. Devi Prasad. 2006. 
Factors determining habitat choice of the smooth-
coated otter, Lutra perspicillata in a South Indian 
river system. Current Science 91: 637-643. 
Simpson, E. H. 1949. Measurement of diversity. Nature 
163: 688. 
Sivaramakrishnan, K. G., K. Venkataraman, S. Sridhar 
& S. Marimuthu. 1995. Spatial patterns of benthic 
macroinvertebrate distribution along river Kaveri 
and its tributaries. International Journal of Ecology 
and Environmental Science 21:141-161. 
Smakhtin, V. U. & M. Anputhas. 2006. An Assessment of 
Environmental Flow Requirements of Indian River 
Basins. IWMI Research Report N 107, Colombo, Sri 
Lanka. 
Smakhtin, V., M. Arunachalam, S.  Behera, A. 
Chatterjee, S. Das,  P. Gautam, G. D. Joshi, K. G. 
Sivaramakrishnan & K. S. Unni. 2007. Developing 
the Procedures for Assessment of Ecological Value 
and Condition of Indian Rivers in the Context of 
Environmental Water Requirements. IWMI Research 
Report 114: International Water Management Insti-
tute (IWMI) Colombo, Sri Lanka. DOI: 10.3910/ 
2009.114. 
Sunil, C., R. K. Somashekar & B. C. Nagaraja. 2010. 
Riparian vegetation assessment of Cauvery river 
basin of South India. Environment Monitoring 
Assessment 170: 545-553. 
Sunil, C., R. K. Somashekar & B. C. Nagaraja. 2012. 
Riparian vegetation dynamics across two different 
landscapes along the river Cauvery in the Kodagu 
region of western ghats. Journal of Mountain 
Science 9: 351-361.  
Sukumar, R.  1989.  Ecology  of   the  asian  elephant  in  
southern India. I. Movement and habitat utilization 
patterns. Journal of Tropical Ecology 5: 1-18. 
Sultana, A., M. S. Hussain & D. K. Rathore. 2014.  
Diversity of tree vegetation of Rajasthan, India. 
Tropical Ecology 55: 403-410. 
Sunderrai, S. F. W. & A. J. T. John Singh. 2001. Impact 
of biotic disturbance on Nilgiri langur habitat, 
demography and group dynamics. Current Science 
80: 428-436. 
Tabacchi, E., L. C. David, R. Hauer, G. Pinay & A. 
Marie. 1998. Development, maintenance and role of 
riparian vegetation in the river landscape. Fresh 
Water Biology 40: 497-516. 
Tabarelli, M., W. Mantovani & C. A. Peres. 1999. Effects 
of habitat fragmentation on plant guild structure in 
the montane Atlantic forest of southeastern Brazil. 
Biological Conservation 91: 119-127. 
USAID (United States Agency for International 
Development). 2008. Sustainable Livelihoods and 
Water Management in Shared River Basins: Lower 
Songkram Basin, Thailand. Case Study. http:// 
www.usaid.gov/locations/asia/countries/rdma/.(acces
sed on dated 26 April 2014). 
Vanham, D., R. Weingartner & W. Rauch. 2011. The 
Cauvery river basin in southern India: major 
challenges and possible solutions in the 21st 
century. Water Science and Technology 64: 122-131. 
Varunprasath & A. N. Daniel. 2010. Comparison studies 
of three freshwater rivers (Cauvery, Bhavani and 
Noyyal) in Tamilnadu, India. Iranica Journal of 
Energy and Environment 1: 315-320. 
Verry, E. S., J. W. Hornbeck & C. A. Dolloff. 2000. 
Riparian Management in Forests of the Continental 
United States. Lewis Publishers. 
Villasenor-Gomez, J. F. 2006. Habitat Use and the Effects 
of Disturbance on Wintering Birds Using Riparian 
Habitats in Sonora, Mexico. Dissertation, University 
of Montana, Missoula. 
Whittaker, R. H. 1965. Dominance and diversity in land 
plant communities: Numerical relations of species 
express the importance of competition in community 
function and evolution. Science 147: 250-260. 
Zhu, H., Z. F. Xu, H. Wang & B. G. Li. 2004. Tropical 
rain forest fragmentation and its ecological and 
species diversity changes in Southern Yunnan. 
Biodiversity and Conservation 13: 1355-1372. 
 
(Received on 23.03.2014 and accepted after revisions, on 07.09.2014) 
